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JOSEPH F. MITCHELL. P. E. 
CITY ENGINEER 

Vernon Butler RPM 

A oF 

READING 

PENNSYLVANIA 

BUREAU OF ENGINEERING 

Department of Streets and 
Public Improvements 

Oty Hall - Reading. Pa. 19601 
Telephone ( 215) 3 20-6236 

October 9, 1992 

PA Corrective Action Enforcement 
. US EPA Region III 
841 Chestnut Building 
Philadelphia, PA 19107 

Dear Mr. Butler: 

RE: NGK Metals Corporation . 
Muhlenberg Township, Pennsylvania 
EPA RCRA I.D. PAD 04 054 0136 

In responsE! to your letter of September 16th last I am forwarding herewith 
a copy of the requested study as supplied to me by the City's Water Bureau. 

As you will.note the investigation and report center on the observance 
of unusual skin lesions on brown bull heads in Lake Ontelaunee. This observation 
which was given quite a bit of attention in the mid to late 1980's was a cause 
of concern in that the lake is a major source of drinking water for Reading and 
surrounding comm.unities. 

While the City made considerable efford to relate the fish tumors to some : 
cause, no clear evidence was ever found. In fact, as you will read, similar 
fish conditions ·were found in other relatively pristine waters where no significant 
pollutants were evident. 

Never-the-less the City is continuing the study as a part of its potable 
water. system monitoring program. Further evidence, if it is found, .will be 
reported to the appropriate authorities. 

If you wish more detail, you might contact the people identified in the 
enclosed report. 

I am available to discuss this matter. further if you think it useful. 

Very truly yours, 

· Joseph F. Mitchell, P.E. 
City Engineer 

cc: E. leonardzia.k 
A. Constantil'lO ~~ SJ 1, "t_ Q,) -..(, 1,. 5 } AR390245 
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lake Ontelaunee is a 1,082-acre reservoir in Berks county, Pennsylvania, 
ard is managed as a' plblic water supply sa.li'Ce for the city of Readirg. 
'!he~ was' fonned. by the construction of a 42-foot-high earthen 
dam on Maiden creek. Most of the lake is open to plblic fishinq (although 
boat.irg is prc:tlibited) ard a p:>rtion of the surrouniing lams are managed 
for wildlife by the' Pennsylvania Game camdssion. Ospreys ard varioos 
species of waterfowl use the lake. 

'!he Maiden creek watersh~ lies within the Valley ard Ridge P'lYsio;rap:dc 
province (Great Valley section), characterized by open, rolling fannlards. 
Rocks ~ this section are c.atpriseQ primarily of shale ard ca:dxlnate :rocks 
of Pennsylvanian age (stamer et al., 1985). 

;&W',c:; T~ ,; 

... 

if 
U"' -

·~-( 

I..ake Ontelaunee•s 192 square mile watershed is predaninantly rural, 
c:atprised of fannl.ard ard small cxmnunities. According to the u.s. 
Geological SUzvey (stamer et al., 1985), 76 percent of lard use in the 
Maiden creek watershed is agrialltural, 21.1 is forested, 1. 7 percent is 
urbanized, ard 1.2 percent is in 11ot:her'' uses such as water ard mi.n.irq. 
'!here are three sewage treatment plants, golf c::x::urses, a closed m.micipal. 
waste lardfill, mushroom houses, nume:rous o:rchards ard several fOUJ'Xkies 
located upstream of I.ake Ontelaunee. t/:" iY\ ;:-!: 
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In 1985, Pennsylvania Fish Ccmnission (PFC) Area Manager Mike Kauffman ::j 0 
infonned. us that he had obsel:ved urrusual skin lesions on brown b.lllheads ~ '1'\ 
(Ictalurus nebu1osus) oollected from I.ake ontelaunee during a :rooti.ne .:-
survey. Because the ldrx:l of defonnities Kauffman descri.becl have often been G) 
fOUJ:.d i&'l brown b.lllheads exposed to toxic chemicals (such ·as polycyclic 
aromatic hyd:rocal:bons) in sediments, we agreed that the situation at lake 
ontelaunee deserved furt.her investigation ard cxn:lucted field oollections 
of fish from the lake in 1985 ani 1987. 'Ihe following sections detail our 
methods, ·results, ard implications for future t.«>r:k. 

1985 INVESTIGATION 

Methods 
i 

on April 24, 1985, Sel:vice biologist David P.Itnam met with PFC Area Mariager 
Kauffman at Iake ontelaunee. 'Ihe PFC's routine fish studies were in 
pro;;r.tess, ard oollection nets had yielded 40 brown b.lllheads. COllection 
areas are shown in Figure 1. Mr. PUtnam examined the fish ani noted that 
many of the bullheads had lesions ani growths on the lip ani head area (see 
Figure 2). In addition, the livers of m:st of the bullheads appeared to be 
heavily parasitized. Of 24 brown bullheads examined, Mr. Putnam noted that 
15 had sane type of awa;rent physical problems. 

Mr. Putnam rec:on:ied the lengths ard weights of the brown bullheads {see 
Table A-1), then oollected skin ard liver 5anples from 24 brown bullheads 
ard 1 walleye ani preserved them in 10 percent buffered formalin •. 1llese 
tissues were then transferred to the Roswell Park MeJoorial Institute in 
Buffalo, New York for histopathological examination by Drs. Jatm Blackard 

02 

. . ' . 
.'i;. ... - •• · .. {. . ··. . ...... 

: ....... :
( : 
r-



Location of Lake <:ntelaunee 



... 

I 

l 

04 
. i 

aR390248 . 
. . . . .. . . ·.··.·.····.. . .. ··:· .:. _ __:_ _ _:.__::_ __ .. _··_·..:..· ___ . ___ ...;. _______ ._. _________ _ 



. ·, .·· 

' ''" 

Iex Macx::u}X)in. ·In aati., five tui~ were placed .0! ard 
deliverej to the Pennsylvania State university Animal. Diagnostic IaOOrator:y 
for histopathological examination by Dr. Hans Rothenbadler. 

Four fish tissue sanples were prepared for dlemical analysis: a c:utPJSite 
sanple of five whole broWn bullheads, a cx:up:::site sanple of five br:own 
bullhead livers, a ca1p:::site sample of fillets fran five brown bullheads, 
am· a cx:.ttp;Site sanple of fillets fran five white craRlies CligrpXis 
annularis>. All tissue sa:aples were analyzed for organcx:hlorines, PCBs, 
an:i polycyclic araratic hydrocartx:>ns at the MississiRlf state University 
Chemical laboratory; ard for· metals at the Envi.rorunental TraO! SUbst:aR::e 
Researdl Center at Columbia, Missoori. 

Because the extetna1 lesions on lake ontelaunee 's browri bullheads a~ 
to be C9IlSistent with those often observed on fish fran heavily polluted 
areas, we :requested an:i secured fun:ii.rg to analyze lake sediments. Fcur 
sediment salt1?les were collecte1 for us by the Pennsylvania Deparbnent of 
Environmental Resalrces on october 7, 1985, usirq a ponar dredge. Sediment 
samplirq locations are in:iicated in Figure 1. 'lhe sa:aples were sent to the 
laboratorit~ in:iicated above ard analyzed for the same set of <XIl'pOUl"rls. 

Results 

Histopathology. 'lhe necropsies ard histopathological examinations 
con:3:uctecl by Dr. Hans Rothenbacher are i.rcluded in Appen:lix A. 
Or. Rcthenba.cher identified tapewo:rm larvae in the livers, kidneys ani . 
testes of the fish;. liver cirrhosis with marked bile duct proliferatiau 
focal hypaplasia of the gastrointestinal epithelium; arrl h.enx:>n:hagic 
erosive dm:tnatitis ani myositis. Dr. Rothenbacher rep:>rted that the 
extema1 and internal lesions he observed were consistent with du:o:nic 
chem.ica.l·irritation resultirq in epidennal tumor· fonnation arrl erosive 
hype:r:plastic dermatitis. We for:wanled these finiin:Js in a 
Septeniber 17, 1985, letter (see Appen:lix A) to all appropriate state 
agencies, the Readi.rg water Authority, arx:l others. 

Results of histopathologiau analyses corducted by the Roswell Park 
MeJrorial In.stitute (see Appen:lix A, Table A-1) were oot received until 
.Miu:'dl 25, 1~~87. Dr. Jdm Black reported a high incidence (about 21 
percent) of liver neoplasms (cholan;Jianas) in the 24 brown bullhead liver 
tissues fran Lake O:ntelaunee. A 40 percent incidence (out of 10 sanples) 
of skin neoplasms was also identified. Dr. Black noted the oc:currence of 
liver parasites in many of the samples. 

Olemical Analyses: Sediments. Tables 1 arxi 2 provide the levels of 
.·various trac::e metals ani organic contaminants present in the frur Lake 

Ontelaunee sediment sa:aples, canpared to u.s. Environmental Protection 
'At]ercy "'IhrE!Shold Contamination Concentrations" (U.S. EPA, 1985). 'lhese 
threshold numbers are theoretical values derived fzan toxicological data 
available fran established water Quality Criteria ani calculated based on 
the carrpourd' s partition coefficient. 'lhe calculated vaiue represents the 
naxi.mum concentration of the element or c:arpourd that could theoretically 
be present in the average sediment without ha.rmin;;J aquatic life. NllrnerQ.1s 

assumptions are inherent in such calculations (for exanple, a 40 pexcent 
organic cax:Don content of the sediments is assumed) • Because of this, the 
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Table 1. levels of metals in take Ontelaunee sediments collected on 
october 7, 1985. Collection loc::ations are shc:7.m in Figure 1. All 
results are reported in ppn dry weight. Numbers in boldface represent 
values exc:eecli,n;J the EPA 'lhreshold Contamination a:mcentration.l 
Iaboratory dati-a sheets are included as AR?erxlix B. 

' 

EPA 'lhreshold 1 sanple Number 
Contamination 

l I I I concentration 5 6 7 8 

%Moisture 57.7 73.1 68.7 27.9 
' 

Arsenic 33 . 4.1 2.4 2.5 4.9 

Aluminum 16,700 13,100 19,800 U,300 

Barium 126 110 146 59.2 

Beryllium 1.4 1.1 1.1 0.86 

cadmium 31 <0.3 <0.3 0.4 <0.3 

Chromium 25 22 19 25 19 .. 

Copper ' 136 75.6 22 31' . 17 .... 
I 

Iron 26,800 19,400 30,100 32,200 
' 

Mercury 0.8 o·.o9 0.1 0.1 <0.05 
' 

Magnesium 3,140 3,240 4,210 4,330 

~ 660 539 504 390 

Nickel 20 24 16 30 26 . 

Lead : 132 45 36 48 21 

Selenium I 10 <10 20 .. · 20 

Strontium 16.8 105. 25.1 8.89 

Vanadium 17 12 14 u 

Zinc 760 107 82.7 144 88.9 

1'Ihe EPA "threshold contamination concentration," derived fran toxicological 
data available fran established Water Quality criteria, represents the 
maximum concentration of a CXlll1pOUl"rl. that can be present in sediments witha.lt 
adversely affectin:J aquatic _life. However, the criteria developed from 
metals have a high asscx::iated uncertainty (U.S. EPA, 1985}. 
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Table 2. I.evels of organic oatpall'X:Js in lake Ontelaunee se:ilinents collected 
on octobE~ 7, 1985. Collectiaa locations are shown in Figure 1. All results are 
reported in ppn wet weight . (WW) or dr:y weight (Dl). laboratory data sheets are 
included as ~ B. 

EPA 'Ihreshold 
Contamination Sanple Number 
·c::oramtration 

(Dl) 5 6 7 8 

ww D1 ww D1 ww D1 ww D1 

p,p'DDE . 28. 0.01 0.02 ND ND 0.01 0.03 ND ND 
I 

Nat=hthalene 42 ND ND 0.01 0.03 ND ND ND NDi 

Fluorene 28 ND ND 0.01 0.03 ND ND ND ND 

Fhenanthrene 56 ND ND 0.03 0.10 0.02 0.05 ND ND 

Fluoranthrene 0.03 0.07 0.01 0.03 0.06 0.16 0.04 0.06 

Pyrene . 198 0.03 0.07 ND ND 0.06 0.16 0.04 0.06 

1, 2-benzanthra.cene 0.01 0.02 ND ND 0.02 0.05 0.02 0.03 

OU:yse."'le 460 0.02 0.05 ND ND 0.03 0.08 0.02 0.03 

Benzo(b) fluoranthene 0.03 0.07 0.01 0.03 0.05 0.13 0.02 0.03 

Benzo(k) fl.uoranthene 5,000 0.01 0.02 ND ND 0.02 0.05 0.01 0.01 

Benzo (e) pyrene 0.01 0.02 ND ND 0.03 0.08 0.01 0.01 

Benzo (a) pyrene 1,800 0.03 0.07 ND ND 0.04 0.11 0.03 0.04 

1,2,5,6-
dibenzanthracene 0.02 0.05 ND ND 0.04 0.11 0.02 0.03 

Benzo(g,h,i)perylene 0.04 0.10 0.01 0.03 0.06 0.16 0.03 0.04 

%Moisture 59.0 69.0 62.0 33.0 

NO = Not Detected 

{Continued on Next Page) 
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Table 2. (contimJid) 

· '!he followirq ~ -were not detected in aey of the sediment sanples: 
oxychl.ordane, heptad'llor ep::»d.de, J:a!s, p,p'DOD, p,p•ror, dieldrin, anthracene. 

Detection limits {Wet weight) 
· PCB's: 0.05 ppm 

All other ~: 0.01 I=Pil 

1'Ihe EPA "threshold contamination concentration, " calculated based on the o::xnpoun::i • s 
partition C'X)I!fficient ani toxicological.data fran established water quality criteria, 
represents the maximum concentration of the a::mpcxaxl that can be present in sedin'ents 
without adversely affectirg aquatic life. 'Ihe calculations assme a 40 perce1t 
organic carbon content of sediment. (U.S. EPA, 1985) • 

i 

2Iaboratory results -were expressed as ppn wet weight. Values were converted to dry 
weight usirq the fonnu.la: 

• I 

'•-t'·· 

Dry weight cohcentratioo = wet weight concentration 
1 - % roisture 

100 
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• threshold values for. metals have a high associated uncertainty. 
NeVerthel~;, no formal sediment criteria are available at the state or 
federal levw:u, ani EPA's threshold values offer one of the few available 
yardsticks ~dth 'Whidl to carpare secJjnent data. 

Levels of the eight organic ~ detected in Lake Ontelaunee sediments 
for 'Whidl EPA threshold values are available· were several orders of 
magnitude be!.low the threshold values. Of nine ol:ga110Chlorine pesticides 
an:l R:Bs inc:luded in the analysis, only p,p'OOE was present at all, and 
only in very low cx:n::entrations (ma.x:ilii:.an 0.03 ppn dry weight). '1he 
presence of this c:atpOOI'Xi in the lake's sediments is not unexpected 
cx:msiderin;J the lorg histocy of ordlal:ds ani m.1Shroom houses located in the 
watershed. 

'Ihe levels of organic CX)lltaminants in Lake ontelaunee' s sediments can also 
be canpared to those in sediments fran areas whel:e brown bullheads have 
been shown to have elevated liver 'b.JJoor rates. For exanple, Batnnann et al. 
(1982) dcx::umented a 33 percent incidelx:e of liver t:uloors in three-year old 
an:l older bta-m b.lllheads collected fran the Black River near its j1JI"Ction 
with Lake Erie at Lorain, arlo (a highly in:'iustrialized area). However, 
sediment concentrations of polycyclic atanatic hydrocal:t:xms ("PAHs", the 
main focus of Baumann's stu:iy) in the Black River were at least thr:ee 
orders of magnitude higher than at Lake ontelaunee. PAH levels at the 
lake are similar to those cited in the literature (Baumann, 1989) frail 
"refererx:e" areas SlJ.9h as Buckeye Lake ani Lake ontario. 

· EPA ·threshold co~tion values are available for eight of the seventeen 
trace metals included in our sediment analysis. 'Ihe dlranium threshold 
.value of 25 l?.(;l'R, unlike other threshold values, was based on guidelines 

··.developed in EPA Region V (the Great Lakes area) for designatin;J 
. contaminated vs. non-contaminated sediments. 'Ihe 25 ppn level was Jet at 
· station 7, ani dn:anium levels in the other three sanples were not liJ.ld1 
lower. ~er, the u.s. Geological Sln:Vey (U.S.G.S.) fOI.ll'Xl average 
chranium levels of 28 ppn in sediment samples collected fran Schuylld.ll 
River trib.rt:aries in 1978 ani 1979 (stamer et al., 1985). C'amoon sa.n:a!S 
of dlranium in the aquatic enviroranent include electroplati.rg an::llOOtal 
finishi.n;J in:'iustries, municipal sewage treat:Irent plants, iron ani steel 
foundries 1 Chemical plants, tanneries, teXtile manufacturing 1 nmoff fran 
urban ani residential areas, ani J:i1osiilate fertilizers (Towill et al., 
1978; Ecological Analypts, 1981: Ian;Jard and Norseth, 1979; as cited in 
Eisler, 1986). '!hey are also used in cooling waters, in catalytic 
manufacture, in pigments ani primer paints, and in furgicides and waxl 
preservatives (U.S. EPA, 1980). Many of these potential sources exist in 
lake Ontelaunee' s wateished. c:::hranium CXItlpOlD'X3s have been foorxi to cause 
tum::>rs in E!J<iperilrental animals. FUrther work is warranted to determine 
'Whether du:anium levels in I.ake ontelaunee are atypical of inp::Jurxled lakes 
in this :region, and if so, to locate the p::lSSible source or sources. It is 
important to note that no chranium was foond (detection limit 4 !P>) in raw 
or finished ,~ter collected fran the Readi.ng Water Authority in. 1987. 

'Ihe threshold valUe for nickel (20 Rn) was exceecled at Stations 5, 7 ani 
8, with valtJ.es of 24, 30 and 26 ppn, respectively. out of 30 stations 
sampled by u.s.G.S. in 1978 and 1979, 26 had concentrations of nickel of 
30 ppn or less (Stamer et al., 1985). Nickel cx:x:::urs natui:al.ly in rc:x:k:s and 
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• • minerals an:i is rel~ into the envi.rcnnent 1:hrc:u;Jh the weatherirg of 
these materials. Aht:h:.ropogenic SCil.1ZCeS of nickel in the environment 
irx:lu:le fossil fuel 1 cari::lusti.at, ard wastewater fran alloy castirq an:i 
plati.ng qlerB.tions (Taylor et al., 1979; Rlillips an:i Russo, 1978; cited in 
Rompala et al., 1984). Nickel is listed as a "priority pollutant" by the. 
U.s.· Envirornental ;protection I>qercy. As with ch:ranium, further 
investigation into the nickel leveis in I.ake ontelaunee • s sedllnents may be 
warranted. 

ArSenic levels in ~ sedinent sanples, rcsrgirg fran 2.4 to 4.1 ppn, wre 
far belO"W the EPA threshold value of 33 ppu. Hc:JWeVer, the U.S.G.S. survey 
detected arsenic (detection limit= 0.11Pl) in only one SChuylkill River 
tr.ibut:a:cy out of 23 sanpled (stamer et al., 1985). '1he highest value foum 
in the watershed was 4. 0 ppu in a sanple fran the mainstem Sc:huylldll 
River. FUrther investigation may be warranted to determine whether arsenic 
levels in I.ake Ontelaunee represent an elevation over background levels. 

All COJ;Per values in OJr sediment sanples were far belO"W the EPA threshold 
concentration of 1:36 ppn. However, sa:rrple No. 5 contained 75.6 ppn c::x::g:ler, 
two to three tines higher than the other three lake sanples an:i far 
exceedin3' the 40 ppD determined by U.S.G.S. (stamer et al., 1985) to be a e. 
"natural bacl<:grcmxl" level for the Schuylkill River watershed. Sairple 
No. 5 was collect:.ed near the dam, in an area wi:lere the Read.ing' Water 
Authority historically applied large doses of~ sulfate to control 
algae. 1 • • • 

!<" 

Lead levels, raiXJin:J fran 21 to 48 pmn in our sa:rrples, wre well belO"W both 
the EPA threshold level an:i the U.S.G.S. estimated "background" level of 
60 ppn. 

I 
Mert::w:y values in the lake sa:rrples rarged fran not detected to 0.1 ppn, 
well bela..T the EPA threshold level. HCMeVer, U.S.G.S. reported that 
90 percent of sa:rrples collected thra:lghout the SChuylkill River watershed 
contained less than 0.01 ppu mercury (Stamer et al., 1985). F\lrther 
investigation may be warranted to detenni.ne if mercury levels in I.ake 
Ontelaunee are atypical of .iJrp:urx1ment sed.iment:s in the region. 

Concentrations of ~in:: detected in lake Ontelaunee • s sediments rarged from 
82.7 ppn to 144 ppn. BaSed on its 1979-1980 sediment sanplin;J ~ 
the Schuylkill River watershed, the u.s.G.s. estimated that 140 ppn 
represents a ''background" cx::>rJ:entration of zirx:. 

Chemical Analyses: . Fish tissues. LeVels of trace metals detected in I.ake 
Ontelaunee fish tissues are shown in Table 3, cx:mpared with the levels of 
seven metals in fish. collected fran over 100 stations a:rcurxi the cx:mrt:J:y in 
1984 by the set:vice • s National OJntaminant Biaronitorin;J Program (NCBP) • 
Because the NCBP uses whole fish, only sanple 2-1 (a sanple of whole brown 
bullheads) can be directly canpared to the NCBP values. Only c::qper ard 
lead levels exceed~ th~ NCBP's "85th percentile." 'Ihe c::x::g:ler value 
(1.2 ppn) is well within the ran;Je of residues detected State;...ride in 1981-
1982 (0.28 to 4.9 ppn). Similarly, the lead value of 0.4 ppn is within the 
rarqe of Pennsylvania residues of 0.17 to 2.8 ppn. 
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Table 3~ I.evel.s of trace metals detected in fish collected frau. lake 
Ontelaunee. oo April 24, 1985. All results are reported in ppu wet weight·. 
NumbeJ::s in boldface represent values exc:eed.in;J the mMP 85th peramtile. 
Labordto:cy data sheets are provided in .Appeniix B. 

NCPB 1984 sanple Numbers RS-85-scro-_-_ 
85th 
Percentile 2 - 1 2 - 2 2 - 3 2- 4 

Whole Liver Fillet Fillet 
Brown Brown Brown White 

a.lllhead Bullhead Bullhead erawie 

% M:>isiblre 

Arsenic 0.27 <0.05 <0.05 <0.05 0.06 

Aluminum 36.7 4.3 5.3 2.6 

·I Bel:yllium <0.005 <0.004 <0.004 <0.004 

cadmium 0.05 <0.05 <0.04 <0.04 <0.04 

CObalt 0.08 0.1 
' 

Ou'anium 0.1 0.17 0.35 0.17 

Copper 1.0 1.2 9.10 0.52 0.39 

Iron 63.9 372. 10.9 3.7 

MercuJ::y 0.17 0.02 0.04 0.04 0.068 

Marganese 5.95 1.27 0.33 0.22 

Nickel 0.22 0.09 0.16 <0.1 

lead 0.22 0.4 0.2 <0.08 0.09 

~um 0.73 0.23 0.96 

34.2 .5 24.3 4.0 5.06 

1Seven eU.ements were included in the u.s. Fish ard Wildlife Service's 1984 
National Contaminant Biata'dtori.rq Pro:Jra.m, involvi.rq the analysis of 
residues in whole fish fran over 100 stations a.rourx! the co.mtry (Schmitt, 

· C.J. and W.G. Bnnnbaugh, in press) • '!he 85th percentile of the geanetric 
means f<)r each sqation is "an arbitral:y p:>int distirguishin;J NCBP stations 
with 'high' concentrations of elements. It has no mean.:irg with respect to 
either potential hazar:ds to fishery resau:ces or regulato:cy statutes" (~ 
et al., 1985, p. 366). 

'•, ,' .. . . . ~ -- -.· .·. 

11 

AR390255 
- ··;:-:"- ~ 

' ' .. -·~ .. · ' 



Table 4 provides the results of the organic dlemical analysis of fish 
· tissues collected fran the lake in 1985, c:x:upa:red to the NCBP 1984 
geanetric means for many of the c:x::qx:mrls. Aloong' the organic contaminants, 
the NCBP geanetric 'mean values for oxydllordane, heptachlor ep:»d.de arrl 
p,p~OOE -were met or slightly exceeded by the lake Ontelaunee brown J::W.lhead 
sample. 

oxychlordane, a me1;:abolite of the insecticide chlordane, was detected in 
the brown bullhead 'sanple at o. 01 ppn, a level egua.li.D; the NCBP gecmatric 
mean. '1he c::x:rrp:::A.In was detected in alloost 45 percent of the NCBP stations 
in 1984. In a survey of contaminants in fish collected by this office fran 
48 stations across ·Pennsylvania in 1981-1982, oxydllordane was detected in 
ten of the sanples, at concentrations ra.n:Jirq fran 0.01 to 0.03 ppn 
(Ranpala et al, 19S4) • 

Heptachlor ep:»d.de is a metabolite of the insecticide heptachlor: 
heptachlor is also a minor constituent of the insecticide chlordane. 'lhe 
NCBP detected the c::x:rrp:::A.In in fish fran 49 percent of the stations. 'lhe 
1984 geanetric mean was 0. 01 R;Jn1 the lake Ontelaunee whole brown bullhead 
sample contained 0!"03 Rn· In this office's 1981-1982 statewide survey, 
heptac::hlor epoxide. was detected at only four stations. 'Ihe highest value 
detected duri.B.J the survey (at 0.03 ppn, egua1 to the lake Ontelaunee 
sample) was in a wp.ite sucker fran Red Clay creek (Kennett Square, Olester 
ca.mty) , a watershEd known to be contaminated with a variety of pesticides. 

i 

'!he oor brea.kdown product p, p' DOE was detected in the Lake Ontelaunee brown 
bullhead at; 0.26 ppu, slightly exce.edirg the NCBP 198.4 gearetric ~of 
0.19 ppn. 'Ibis~ was detected in fish fran over 98% of the NCBP 
stations, arrl fran 88% of Pennsylvania stations durin':; our 1981-1982 
S'l..1l:Vey ~ 

'Ihe only PAH detec::ted in the whole brown bullhead sanple was~ 
at o. 02 R;Jn. 'Ibis is two orders of magnitude lower than brown tul.lheads 
e:xhibiti.D; a high incidence of liver t.ul'oc>rs from PAH-contaminated Black 
River, arrl c::ortparable to the low levels detected in \ll"JlX)lluted Buckeye Lake · 
(Baumann, 1982). PAHs are not included in the Setvice's NCBP analyses. 

1987 SURVEYS 

As described above, the histopathological results of our 1985 work, 
received in 1987, revealed a high incidence of liver neoplasms in Lake 
Ontela\.U'lee brown b.lllheads. We were conce:rned aver these f.i.Ixti..n:;J~. because 

· the normal inci~· of this type of lesion in brown blllheads frcm 
unpolluted areas is only 0 - 4 percent. Alt:hcu;Jh viruses have been. founi 
to be the cause of sane types of 'b.mDrs in sane species of fish, rio virus 
has yet been identified in connection with liver tt.mx:>rs in brown l:ul.lheads; 
rather, the cause is thought to be the presence of chemical carcinogens in 
the eJ1Virorunent. Olemical analysis of fish arrl sediments collected by this 
office in 1985 had failed to detect any organoc:hlorines, :FeB's, polycyclic 
a:rama.tic hydroca:l:t:x:ms, or metals at levels that WCJUld be expected to cause 
such a high incidence of liver lesions. H~, we remained. conce:r:ned 
that a carcinogen· or carcinogens from scme other family of chemical 
CCirt1p:)l.lOOs not included in our analysis might be present in the lake, that 
carcinogens pre.seilt in the fish tissues had been metabolized into 
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TaJ:)le 4. I.el/els of organic contaminants detected in fish scmples collected 
fran Lake Ontelaunee on April 24, 1985. All ·results are in RD wet weight. 
I.ahorcttoey results are ilx:luded as~ B. Residue levels in boldface 
repre::;ent values e:xceedirg the NCBP geanetric nean. 

NCBP Sample Numbers RS:-85-scro-_-_ 
1984 

Get::l:lv!tric 2- 1 2 - 2 2- 3 2-4 
Mean Whole Liver Fillet Fillet 

:Brown Brown Br:t7Nn White 
Bullhead Bullhead 8.l.llhea.d Crappie 

%Moisture 76.2 73.2 78.0 

% Li.pi.d 5.1 2.3 1.48 

OXychlordane 0.01 0.01 NO NO 

Heptachlor 
epoxide 0.01 0.03 NO NO 

Total PCBs 0.39 0.14 NO NO 

! 

p,p'OOE 0.19 0.26 NO 0.04 . 

Dieldrin 0.04 0.01 NO NO 

p,p'OOD 0.06 0.03 NO . NO ' 

p,p•oor 0.03 0.01 NO NO 

Ihenant:hrene 0.020 0.020 0.01 

NO = Nat Detected 

'lhe fo~lor.dn;J ~were not detected in any of the fish sanples: 
naphthalene, fluorene, anthracene, fluoranthrene, pyrene, 1,2-
benzanthracene, du:ysene, benzo(b) fluorcmthene, benzo(k) fluoranthene, 
benzo (e) pyrene, benzo (a) pyrene, 1, 2, 5, 6-di.l::lenzanthcene, 
benzo(g,h,i)perylene. 

79.8 

0.12 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

0.01 

1'lhe U.S •. Fish a:rrl Wildlife Service's National COntaminant Biaoonitori.rg 
Program looks for organOchlorine arxl FCB residues in whole fish collected 
from over 100 stations natiCMide (Schmitt et al., in press). 
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un:ietected ~, or that our limited sanpl:irg had sinply failed to 
locate cont:am.:i.nated areas. We disa1ssed the c.itcumsta.nces of the case with 
or. Eric .MaY of the university of Ma:tylani, who agreed to assist us in an 
e:xpanied study at lake ontelaunee to detennine if viral agents oc:W.d be 
responsible. Work was initiated immediately. 

I 

Methods 

on .April 21, 1987, this office c:.oq::erated with the Permsylvania Depart:Jtent 
of Envi.r:crmental Resources (DER) ani the PFC to oota.in new brc:7im blllhead 
samples. PFC personnel set trap nets in take ontela\.U'lee in the same areas 
where c:cllectia1 ~forts had yielded brown blllheads in 1985 
(see Figure 1). ~ ani om personnel took all brown tW.lheads as they 
~brought in fran the lake, ani transported the fish live to the Read.i.rq 
Water Authority filtration plant, where laboratoey facilities had been made 
available to us. :'lhe fish TNere processed .im.nediately. 

Each brown blllhead was euthanized by sever:Lrg the spinal eotd. I..erqths, 
weights, and observations of external lesions TNere recorded oo data sheets. 
A Sl.ni.U1lal.'Y of these observations is presented in Table 5. Next, each fish 
was examined .int:e+nally, ani arrJ abnotmalities were noted. SJ:tBll , 
(approximately 2 lim wide) pieces of oral ani skin lesions were :r:enDITed by. 
flame-sterilized (&msen blrner) instruments ani placed in a media 
contai.ni.rg calf embcyo cells, prc:wided by Dr. Frank Hetrick of the 
University of Mar:ylani. h:lditional 2 nm pieces of tissue were plaa:d in a 
·preservative provided by or. May. Pieces of the liver, c:cnta..in.in;j abnormal 
areas if possible, were also collected. 

I . ' 

Nineteen brown bullheads were prcx::essed in the above :manner. Liver ani 
skin sanples fran. the first 10 were sent to Dr. Hetrick (each tissue type 
in a separate vial of ne:lia). Liver ani skin sanples fran all 19 fish were 
sent to Dr. May in the preservative he prc:wided. No sanples were collected 
for chemical anal~is dur:irg the 1987 ~-

Results 

Out of the 23 broWn blllheads processed at take Ontela\.U'lee in 1987, 14 e 
(or 60 percent) had obvious external, 'b.Jroor-like lesions on the lips. In 
many cases, both the upper ani lower lips were fully involved with these 
"t:unDrs." 'Ih.e lai::'gest of the lip lesions measured 4 an by 2.5 an, fol:lllin;J 
a huge reddish/tan mass on the fish's uwer lip (see Figure 2). One fish 
also had an especially notable lurrp on its head, measur:Lrg 1.8 an by 
2.4 c:m. Livers ~ frau normal in awearan::e to asymmetriCal in shape 
or not:tled in c:clor. Parasites were c.::a:ma1 on the livers, as they had been 
in the 1985 sanples. 

Appen:tix c provides the carplete results of Dr. Eric May's 
histopathological examination of tissues collected duri.rg the 1987 survey 
as well as his opinion of lesioos observable in slides originally prcx:::essed 
by Dr. John Black fran the 1985 collection effort. Dr. Frank Hetrick's 
report on the attempt to isolate a virus is also inclu:led in 1q:perxiix c. 
Because of the oc:::upleteness of these reports, we consider them to be an 
int.egraJ. part of the "results" section ani recorrmen:l that the reader review 
AA;letxtix c in its entirety. To SU~I~narize, however, Dr. May theorizes that 
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Table 5. :r..erqths ani \¥eights of brown l:W.lheads processed for histopathology 
i!l"'d. viral 'WO:rlc in 19871 with gross obse:tvations noted ·by FWS field 

·biologists. 

l~e II Is'qth (nun) II Weight (g) 

! 

Gross lesions Observed 

ONT-2 366 690 Several raised lesions Observed on lips 
ani surface of skin. 

ONT-3 : 310 418 Inflamed, open lesions below hirges of jaw 

ONT-4 330 522 :Numerc:Als discolored lesions on lips. 

ONT-5 330 545 Numerous raised lesions on lips; 
one barbel missirg. 

e1 
l 

ONT-6 310 450 One raised lesion on lower lip. 

1 ONT-7 330 525 Small lesion on ~ lip. 

ONT-8 310 400 Numerous srall lesions on lips; 
' one SNellen ani discolored area 

on lower lip. 

ONT-9 310 483 Small (3 mm diam.) raised lesion 
on tq> of head: yellow spat oo 
left gill rake; raised lesioo at 
lower left inside corner of nort:h. 

-
CN!'-10 260 225 Ia:rge ( 18 x 24 mm) raised lesion on 

top of head. 

CN!'-11 280 268 One small nodule on lower lip. 

CN!'-13 387 710 Mouth fully :involved in h'I.J3e 
:reddish/tan lesions: one measured 

. 4 x 2.5 an. Also massive yellowish 
'b..noor on torxJUe. ".rWo I"E.ldd.ish/llte 
sores, aR'rox· 15 nm in diam., on 
left side: one yelloWish lesion, 
7 mm in diameter ani raised 1 :um above 
skin, on left side; one hD:ned bal:bel. 

ONI'-14 345 682 Raised lesions on lips; lazge scar . 
on roof of nouth; one missin:J barbel. 

(Continued on Next Page) 
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Tables. Continued 
i 

I I 
sample i 

No. I.en;Jth (llUTI) Weight (g) Gross lesions Observed 

i 

Entire lo.ver jaw ani I.nner rim of jaw ONr-15 315 410 
involved in lesions. I.arqe (3 x 15 en} 
lesion on :roof of nnzth. 'lhree white 

' 
skin patches ani one dark skin patch on 
left side. 

OOT-16. 335 518 None cbsel:ved. 

' 
CNI'-17 359 565 None observed. 

CNI'-18 315 543 one red spot (not raised) on lOwer lip. 
' 

CNI'-19 325 467 Ial:ge lesion on upper ani lower lips. 
Tail ani lower fins tattered (not due 

: to net damage) • 

CNI'-20 275 250 None obser:ved. 

' CNI'-21 285 3.00 NQne observed. 
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the c:holan::JiaDaS reported by Dr. Black my be caused by parasites ob;erved 
in the liVE~, ard that a viral. agent may be involved in the high irx::ic:Jerx:e 
of pa.pillcmas. Q)pper sulfate, plSSibly present in the sediments, may be a 
factor in 1muc.i.rg the c:i:lserved. skin lesioos. 

DISCUSSIQl 

'llle scientific literature~ cxmtained reports am discussioos on 
incidents ()f 1:unr>rs in fetal fish for many years. I.JJcke' am Sdllumbel:ger 
(as cited JJl Baumann, 1989), described epithelianas on the lip arxi ncuth of 
bi:OWn l:w.lheads f:mu the Delaware ard Sdulylkill Ri~ near Rlil.adel.phia 
in 1941. r"ran their description of the uneven di.st.ribution of the 
{ilenc:mena within various reaches· of the river, Baumann (1989) o.::n:l\Xles 
that a chenti.cal etiology my have been involved. · Intet:est in the use of 
fish tunr::>r.:; as "early wam.irg signals" of environmental contaminaticn has 
increased ed.n:e the 1960's, 'When an international epidemic of liver carDar 
in hatc:hel':y-reared :r::ai.ntxJw trout led to the discovery that a mld gro;rdn;J 
on peanuts used. in trout food prcduced aflatoxins (MOrell, 1984). 
Aflatoxins have since been identified as one of the mst patent carcimgens 
'known. 

sons1:ega:td (1977) . necropsied aver so, 000 fish fran the Great I.akes arxi 
fourd epizcxrt:ics (epidemic incidence) of 1:unr>rs in cm:p (Qiprinus cmpio), 
goldfish ~::arassius auratus) , cm:p x goldfish hybrids (cyprinus catpi.o x 
carassius jluratus> am 'Whlte suckers ccatostanus cxmnersoni). In many 
cases, the high tuirOr incidences W1el:'e clustered arourK:l polluted areas. 
Brown e1 aJL. (1973) compared fish fran the polluted Fox River in Illinois 
to 't.Dlp0llu1:ed canadian waters (lake of the WOOds, ontario) am fourd a nuch 

·higher tumc'r incidence in ·Fox River fish vs. fish from the same species at 
·lake of thE~ Woods. Black (1983) establi..s\J.ed an apparent cause-am-effect 
link··betweP.n contaminated sediments am skin t.uroors on brown bullheads; he 
painted a ·lal:xlratoxy popllation of brown bullheads with an extract of PAll
laden BJ.ffalo River sediments, am obsel:ved the develqm:mt of epidermal 
. hyperplasia am neoplasms within 12 liD'lths. Black used the same technique 
on mice, al'ld skin cancer developed a.l.Da;t ]nmediately (Morell, 1984) • 

. 'lbe brown b.lllhead is frequently selected as an imicator organism in fish 
t:u:n.'or/pollution studies because it is fairly ubiquitoos in the eastern 
United states, aburdant, am susceptible to hepatic 'b.Door develcpnent. 
FUrther, b.n:::Ml bullheads are capable of surviv.i.rg in le7.N'-Oxygen, polluted 
environment:s, resultllg in lOI'Y:}-tenn exposure to contaminants (Baumam et 
al., 1982). Because of the growi.rg ,body of scientific literature . 
describin:;J skin ard liver lesicn; in this species arxi their oo-cx::currerx: 
with carcinogenic chemicals in sediments, the discovery of an epizcxrt:ic of 
liver blloolrs in a brown bullhead P='f'Ulaticn inmediately raises a suspicion 
that a carcinogen is present; skin neoplasms, alt:halgh of c:x:n:em, are. 
considered to be less conclusive. At I.ake Ontelaunee, skin neoplasms have 
been verified in the brown bullhead popllation, but observed liver lesioos 
may be due to invasion by parasites rather than a chemical etiology (see 
Apperldix C). F\lrther carplicatin:;J interpretation of this situatim is PFC 
Area Manag•!r Mike Kauffman's observation that brown bullheads with the 
severe skin ttnnors are ol:sel:ved only in the spri.rq; fish collected in the 
fall are n:>nnal in appearance. 
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Althc:u#l a'1ly a limited rnmtJer of envi.ra1mental sanples fran lake 
ont:elaunee has been • analyzed for c::hem.ical ccntaminants, m sanple has yet 
revealed an ala:r:mi.n!} level of carcin:gens typical of areas known to have a 
high incidence of b~ l:W.lhead tum:>rs. CCn:::un:ent with sediment an:1 fish 
tissue sanpl:irg, state agerx:ies have analyzed finished water fran the 
Readin:J water Authority plant for priority pollutants, an:1 fam:lm 
contami.nant:s ~ beyom acx::eptable levels. Limited viralogical work 
corxfucted in 1987 likewise failed to identify a viral agent that could be 

ibl 
I res:r;::ons e. ! . 
l 

In I1l1l1lE!rOUS disoJSSions with state agencies ani :researchers in the field, a 
variety. of hypJtheses have been suggested to explain the brown :bullhead 
t:uloor er;>izootic at lake Ontelaunee. Sane of these i.ncll.Xie: 

1) It has ~ suggested that brown b.ill.heads may be genetically 
susceptible to 'b:uoor formation. If this is true, then peihaps 
the inbreEd:i.ng result:irg fran the relatively "closed" nature of 
lake onteiaunee•s brown l:W.lhead population may have si:Dply 
created al genetic ternency for tlmDr fonnation. 

I 
! 

2) 'lbe ~Water Authority has used large quantities of copper 
sulfate ib the past as an algicide, oanoentrat:irg application to 
a relati~y small area of the lake. If this area cor.re:spords 
to the preferred habitat of the brown l:W.lheads, the fish are 
likely~ a large ano.mt of time in direct contact with 
c:q:.per sulfate-laden sediments. Cllemical-related stress may 

. I • • • • then playl an ~ress1ve role, allOWll'g viral agents to 
trigger t\Im::>r fonnation. 

I 
3) Clemic:al Carcinogens not yet i.nclu:ied in chemical analyses may 

be present. 'lhis 'WOll.d be very difficult to identify withcA.lt 
expensive: t.e.stirg. · 

Sed.i.wmt ;;an:pl:irg corxiucted to date may have missed "hot spots" 
'· . of contamination. . 

4) 

'!he brief surveys cbrducted at rake Ontelaunee have been in::alclusive, in 
that m cause for~ brt1t111 l:W.lhead "t:llloors" has been. identified. 
However, in rese.a:rc::P.iz this case, -we have become aware of a l1l.m'lber of 
similar incidents in New York state - lakes considered to be relatively 
pristine, where broWn l:W.lheads have skin and liver tl.nt¥:Jrs, rut no 
pollutant has yet been detected at levels significant enough to be the 
cause of the lesionS. It is clear that much additional research into 
these cases is needEd in o:tder to deteJ:mine the cause of these }:tlenanena; 
the implicaticns for the health of fish, wildlife ani human populations; 
ani if man's activi~es are at fault, l'lc7.rl to take corrective action. 

I 
I 
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